Results:
INTRODUCTION
Recent literature and anecdote suggest high rates of cannabis use among Indigenous people in remote communities in Australia's Northern Territory (NT) with rapid and widespread uptake occurring from the late 1990s.
1, 2 A survey in the mid-1980s did not detect cannabis use in the NT's 'Top End' communities. 3 But by the late 1990s, unpublished data collected by one of us (ARC) suggested that 31% of males and 8% of females (aged over 15 years) were using cannabis in eastern Arnhem Land. By 1999, cannabis use increased to 55% of males and 13% of females in the same region. 1 In one locality, between 1999-2000, the proportion of males using cannabis doubled (21%-39%) and cannabis use emerged among women for the first time with up to 20% of them using it. 1 Further evidence in 2001-2002 suggested much higher rates of use with 62%-76% of males and 9%-35% of females aged 13-34 using cannabis regularly. 2 While cannabis use probably added to existing patterns of other substance use, 1 there is a dearth of literature about cannabis in these populations. At the same time, NT policy makers struggle to respond to rapidly changing substance use patterns and associated harms. 4, 5 Information presented here describes patterns and levels of cannabis use to inform development of strategic responses to these important issues for Indigenous communities. In addition, associations with other substance use and the likely economic impacts of cannabis are estimated.
Setting
Two contiguous communities in Arnhem Land, approximately 550km east of Darwin, were studied. They had a combined Indigenous population of 2649 (1180 aged 13-36 years). 6 A variety of substances is used in these communities. Tobacco use is widespread. 1 Kava was introduced in 1982 from the Pacific islands, 7 and was readily available in one of the communities sampled. Alcohol became available in the early 1970s from outlets in regional centres near the communities. 1 However, access to alcohol in the communities is restricted in accordance with decisions made by both communities and ratified under the NT Liquor Act. 8 Petrol sniffing was common in the region during the late 1980s and early 1990s 1, 9 but is now greatly reduced.
Sampling
Individuals were selected from population rolls prepared for each community using a stratified random approach with similar numbers selected from each of six four-year age bands. The combined samples from both communities included 336 persons (169 males and 167 females), equivalent to 28% of the population aged 13-36. In addition, an opportunistic sample of 180 people (107 males and 73 females) in the same age range was recruited for interview. Of these people, 67 were also included in the random sample.
Exposure measures
For the random sample, consensus about each individual's past and present substance use was reached using a procedure that combined: proxy assessments made by up to 6 five health workers interviewed separately; documentary evidence (community health centre and hospital discharge records); and self-report recently validated in this same population (unpublished data). The procedures, described in detail elsewhere, 10 rely on health workers' intimate knowledge of the communities where they live and work.
Lifetime and current substance use and information about selected health indicators was obtained in interviews with participants in the opportunistic sample. Interviews were conducted in plain English usually with health workers present to assist with translation, when required. Flip charts were used as in previous studies 10, 11 to help quantify substance use and to overcome cross-cultural and language difficulties.
Participants interviewed in the opportunistic sample reported intermittent alcohol use equivalent to approximately 600g/month of pure alcohol. (The more common practice of estimating consumption on a weekly basis did not take account of the intermittent nature of drinking in this region). Health workers classified five of six participants who reported using >300g/month as 'heavy' alcohol users. In a nearby
Arnhem Land community where alcohol is also restricted, participants reported using a maximum of 576g/month. A level of around 300g/month was also found to be a suitable threshold describing heavy alcohol use. 12 Three categories of alcohol consumption were used in this study (<100g/month, 100-300g/month, >300g/month).
Tobacco use was classified by numbers of cigarettes reported smoked each day.
Health workers classified all 48 people who reported smoking the equivalent of a pack/day (25 cigarettes/day or more) as heavy users.
in previous studies. 13 Regulatory authorities regard kava use at >400g/week as harmful. 14 Seven of the eight kava users who reported using >400g/week of kava powder were classified by health workers as heavy users.
Cannabis is typically available in the local trade in manufactured, re-sealable plastic packets of a standard size (40mm x 50mm), containing small and varying quantities of plant material. Intact packets containing cannabis for weighing were not available.
Instead, amounts were estimated by simulating the quantity of cannabis usually observed in these packets. When plant material was placed into forty empty packets and weighed, a wide range in the mass of material was found; from 20-160mg 
Statistical methods and data analysis
Odds ratios and significance levels for trends across groups were calculated using logistic regression and analyses of variance. 15 Analyses were performed using Stata 7.0. 16 Numbers of cannabis users in the population (aged 13-36) were estimated from prevalence proportions in the sample (weighted for differences between the sample and the region's age and sex structure 17 ) combined with published population estimates. 6 The frequency distribution of numbers of packets reported purchased each week, combined with the estimated numbers of users, permitted an estimate of quantity of cannabis used in these age groups.
RESULTS
Data from random samples: consensus classification using health worker proxy assessments.
Prevalence of life-time cannabis use in males was greater, 69% (63%-75%) than in females, 26% (20%-31%) (age-adjusted OR=7.4, 4.5-12.1, P<0.001). Most of those who had ever used cannabis were continuing users; 67% (60%-73%) of males and 22% (16%-27%) of females (age-adjusted OR=7.9, 4.8-13.1, P<0.001). Figures 1a and 1b also indicate that males were more likely to be current cannabis users than females. Half or more of the males and females aged >20 currently using cannabis also had a history of petrol sniffing ( Figure 1a 
Patterns of cannabis use reported in interviews
The crude prevalence of life-time cannabis use was higher in those opportunistically interviewed than in the random samples; 76% (66%-83%) of males and 69% (57%-80%) of females. Current cannabis use in males was 68% (59%-77%), and similar to proxy assessments. However, among females, 68% (56%-79%) reported current cannabis use, three times the proportion in the random samples assessed by health workers. Current cannabis users reported a median of 4 years of use (Table 1) .
Most (94%) titrated cannabis with tobacco, the majority (81%) purchased one or two $A50 packets of cannabis per week and three-quarters of those interviewed reported at least weekly use (Table 1) .
Current cannabis users reported smoking tobacco more heavily but took up tobacco more recently than non-users (Table 2 ). There was no apparent association with increased alcohol use. Those not using cannabis reported using more kava (Table 2) .
Three males (aged 16, 19 and 22) and four females (aged 16, 19, 25 and 27) were current cannabis users and also reported they were active petrol sniffers (data not shown). Eight males (six current cannabis users and two former users) reported past use of 'speed'.
Cannabis users were less likely to participate in education and training even when adjusted for age (likelihood ratio chi-square=13.2, P=0.001) and more often reported suffering weight loss (Table 3) . In data not shown, ten of those interviewed reported having had a 'fit' associated with smoking cannabis. Eleven reported attending the local health centre for treatment for cannabis-related illnesses with one of these evacuated for admission to hospital with psychosis, confirmed by clinic records. Ten 11 reported that their cannabis use created family difficulties and seven had cannabisrelated troubles with Police. female cannabis users were more frequently recruited for interview than male users, and that we should therefore rely on prevalence estimates from the random samples.
We can have more confidence in the estimated total value of cannabis purchased than in the estimated total quantity used (Table 4 ) since the packet priced at $A50 is 13 relatively fixed compared with the quantity of cannabis in a packet. A crude but realistic assessment of the economic impact of the cannabis trade is therefore possible. Most cannabis users (69%) purchased 1 packet/week ($A50 worth) and 12% purchased 2 packets/week ($A100 worth) ( Table 1 ). The median income in these age groups is approximately $160/week, 6 so expenditure on cannabis, while extraordinarily high at 31% and up to 62% of median weekly income is nonetheless feasible within the communities' available resources. The communities' total weekly income was estimated from published data at approximately $316,000/week. 6 So, expenditure on cannabis per week (Table 4 ) may represent at least 6%-10% of the total monetary resources available in these communities. This does not, however,
imply an immediate financial drain on the communities since, as described in a previous study, 1 part of cannabis profits may be concentrated in the hands of just a few locally-resident agents. It nonetheless creates pressure on the financial resources of cannabis users which, in turn, leads to pressure on family members, occasionally with violence and intimidation, to make good the shortfalls.
Main results
The proportion of Indigenous males currently using cannabis in this study, i.e. 67%
(60%-73%) is almost double that in the general NT population in similar age groups who have used cannabis in the past year. 18 The NT rate, in turn, is already ca. 1.7 times higher than in males of similar age in other Australian jurisdictions. 18 The proportion of current female cannabis users, i.e. 22% (16%-27%), is lower than the rest of the NT but comparable to Australian rates. 18 While this comparison suggests that rates of cannabis use are extremely high in the Indigenous male populations studied here, it is of interest that rates of life-time cannabis use are of similar magnitude to rates of 59% 19 and 45% The use of other substances in combination with cannabis found in this study is a cause for concern. No information is available about the combined effects of cannabis and petrol sniffing in this population. That the isolated occurrences of possible methamphetamine use were all cannabis users is also a concern. Heavy, episodic alcohol consumption is well known in Indigenous Australian populations. [22] [23] [24] The highest levels of alcohol use reported in this study (600g/month) are around one-quarter of the average monthly amount reported consumed per capita in Indigenous communities across the NT's 'Top End', 25 probably reflecting the restricted access to alcohol in Arnhem Land. These levels appear similar to average daily levels considered to be harmful in Australia, i.e. 40g/day (males) or 20g/day (females) 26 . While the methods used in the study were not adequate to describe hazardous alcohol use, there remains a concern in Arnhem Land that suicide and alcohol consumption are closely associated. 27, 28 Added to this concern now is the possibility that cannabis use combined with alcohol use, perhaps in association with co-morbid mental disorders, 29 lowers the threshold of suicide risk in those already disinhibited by alcohol use 30 even though average consumption levels appear moderate. Further study is required to more clearly describe harzardous alcohol use and cannabis use in combination in this population.
In the meantime, data reported here should alert policy makers in the NT to unusually high rates of cannabis use in Indigenous communities especially among males. The close association between cannabis use, alcohol use, petrol sniffing and the use of other illicit drugs needs to be closely monitored. The data also suggest that the impact of the cannabis trade on community economies is substantial. Urgent action in close consultation with communities is warranted in order to reduce cannabis use and to reduce the combined use of cannabis with other substances, especially alcohol. 
